[Abstract] Cost-effective and efficient, the fruit fly (Drosophila melanogaster) has been used to make many key discoveries in the field of neuroscience and to model a number of neurological disorders.
manipulations. Although the process is invasive and may cause damage to the brain, intact neurons and functional circuits can be persevered and maintained for up to one hour after skillful dissection. Labs have used whole brain dissection and whole-cell recordings to characterize the electrical properties of circadian neurons (Sheeba et al., 2008b) , uncover the electrical cellular mechanisms responsible for sleep and arousal (Sheeba et al., 2008a) , discover a new light-sensing pathway in the brain (Ni et al., 2017) , determine the mechanism of action for a common pesticide (Qiao et al., 2014) , find a memory suppressor miRNA that regulates an autism susceptibility gene (Guven-Ozkan et al., 2016) , and describe synaptic dysfunction in a model of Parkinson's Disease (Sun et al., 2016) .
Our lab uses this protocol extensively to study the cellular mechanisms of genetic epilepsy associated with mutations in SCN1A, a gene that encodes NaV1.1 sodium channels that are highly expressed in inhibitory, GABAergic neurons in the human brain. Using homologous recombination, and more recently CRISPR/Cas9 mediated gene editing, we have introduced specific SCN1A missense mutations into the same location in the Drosophila sodium channel gene, para. We have shown that all of the mutations causing febrile seizure phenotypes in humans that we have examined (K1270T, S1231R, R1648H/C), also result in heat-induced seizure phenotypes in the adult fly (Sun et al., 2012; Schutte et al., 2014 and . To evaluate how specific mutations alter sodium currents and neuronal activity, we perform electrophysiological analyses of sodium currents in knock-in flies carrying SCN1A mutations, focused primarily on GABAergic, local neurons (LNs) in the antennal lobe. Whole-cell recordings from the cell bodies of LNs can be used to evaluate sodium currents and firing properties in mutant compared to wildtype neurons. The ability to rapidly exchange extracellular recording solutions in the ex vivo preparation allows fast and reversible elevation of the temperature to assess constitutive and temperaturedependent changes in sodium currents and firing properties in knock-in mutant compared to wild-type neurons. Fast perfusion also facilitates evaluation of the acute effects of potential anti-convulsant drugs on sodium currents and firing properties. Here we present our updated protocol for ex vivo whole-cell recordings in adult Drosophila brains, including fly dissection and preparation, data acquisition, and analysis. 2. Put fly vial on ice for ~1 min to anesthetize flies (watch carefully-it will only take a short time to slow the flies down, and too long on ice will kill them). 6. Take a second syringe needle with the dominant hand and decapitate fly. 14. Entire dissection process should take less than 10 min.
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C. Whole-cell Recording
Our headstage is on the right of our rig setup and we use borosilicate glass micropipettes (100 μl)
that are pulled on a micropipette puller in two stages: final tip resistance of 9-10 Ω.
1. Circulate external solution with a perfusion (peristaltic pump) system. Oxygenation of the external solution is not necessary when it is constantly perfused at low speed. No minimal speed has been established, but we generally keep the perfusion at 0.8 ml/min for our recording chamber which holds 1-1.5 ml external solution. The circulating speed may vary depending on experimental needs, for example, fast drug administration or temperature change may require more rapid perfusion. However, perfusion that is too rapid may generate electrical noise or flush the brain out of place. On the dorsal lateral side of the brain, large and small ventral lateral neurons implicated in circadian rhythms and sleep have also been studied using this protocol. The solution can be aliquoted into 1-2 ml aliquots and store at -20 °C for up to one year Note: *Just before experiments, defrost one aliquot and add ATP 25 mM (2.5 mg/ml).
